SPECIFICATION 



Process and System for Recovering Valent Metals from Refuse 
Secondary Batteries 

Field of Invention 

The present invention is related to a process for recovering 
valent metals from refuse secondary batteries, and more 
specifically to a process and a system for recovering valent 
metals in a state of high purity from refuse secondary batteries, 
which are safe, simple, and economically-advantageous. 

Background Art 

In the past, for secondary batteries used for electric cars, 
lithium ion secondary battery, nickel-hydrogen secondary 
battery, nickel-cadmium secondary battery, lead storage cell 
and the like have been recommended. However, lithium ion 
secondary battery and nickel-hydrogen battery are considered 
as<promising ones in view of high power density, long durability 
and high energy density particularly when required for electric 
cars . . 

When using these batteries, great amount of refuse secondary 

v. 

batteries, which contain .great amount of^valent metals, such 
as hydrogen-occluded alloy (cathode active substance), nickel 
and cadmium, are resulted, thus requiring recycling process to 
recover these valent metals from such refuse secondary batteries 
(dead batteries) . 
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As the recycling process for the refuse secondary batteries, 
an example is disclosed in Japanese laid-open patent publication 
No. 9-117748, Japanese laid-open patent publication No, 9- 
117749, etc. The recycling process disclosed in those gazettes 
mentioned above is to recover various parts including plastics, 
metallic materials and cathode plates by breaking down the 
refuse secondary batteries mechanically and separating them. 

Whereas, a process for separating and recovering anode 
materials and cathode materials .from secondary batteries is- 
disclosed in Japanese laid-open patent publications Nos. 
10-189063, 10-211446, 10-211447, etc. This process is to 
subject anode powder material and cathode powder material 
obtained by separation of electrode, materials, which are 
obtained by means of breaking down, cutting and by-wind- 
separation of refuse nickel-hydrogen secondary batteries, to 
laminar flow separation process by means of wet thin flow 
separation method. However, this recovering process involves 
complex process to break down and cut batteries, and the purity 
and recovery rate of valent metals finally obtainable are not 
sufficient . 

In addition, in those disclosures, there is no disclosure 

on a definite process' for recovering valent metal , such as. nickel, 

■ " > 

from the cathode material . 

Furthermore, when hydrogen-occluded alloy is used as a 
cathode active substance, though valent metals, such as nickel 
and cobalt, can be obtainable in high purity and high recovery 
rate from the separated cathode materials to a certain extent, 




whereas mesh metals (Mm) , which is an alloy made of cerium, 
lanthanum and other rare earth elements or the like, cannot be 
obtainable in high purity and in, high recovery rate. 

Further, .as a process to recover valent metals, such as 
nickel and cobalt, from refuse nickel-hydrogen secondary 
batteries, a process to recover Ni (-Co) metal by breaking down, 
crushing and sieving refuse nickel-hydrogen-secondary batteries , 
separating the resulting product into crude plastic, iron, 

L ^ spumous nickel and fine particles part (nickel hydroxide,^ 

C3 

£3 hydrogen-occluded alloy) , separating nickel solution 

3 

q containing cobalt and complex sulfate of rare earth elements 

ru 

by dissolving the fine particles part in sulfuric acid 

m 

g containing alkali metals, removing impurities from the nickel 

C3 

hj solution containing cobalt, and subjecting the nickel solution 

(3 

a p to electrolysis. (See Japanese laid-open patent publication No. 

fjj 9-082371) . 

However, in the process hereinabove, a process to recover 
valent metals from refuse nickel-hydrogen secondary batteries 
is too complicat eko apply for practical operation, therefore \S 
more simple process for recovering valent metals has been 
desired . 

Thus, it is an object of the present invention to-provide 
a safe, simple and economically-advantageous process to recover 
valent metals from refuse secondary batteries in high purity 
and in high recovery rate. 
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Disclosure of the Invention 

The first invention of the present invention is a process 
for recovering valent metals from secondary batteries, which 
is characterized in that the process is constituted by a 
separation process to mechanically separate refuse secondary 
batteries to obtain separated cathode material and separated 
anode material and a recovering process to recover valent metals 
from the separated cathode material and the separated anode 

m material. 

C3 

p The second invention of the present invention is a 

s 

P recovering system for recovering valent metals from refuse 

ru 

%f secondary batteries, which is characterized in that the system 

m 

s is composed of a separating means to mechanically separate the 

. ■ 

id refuse secondary batteries to obtain separated cathode material 

a 

and separated anode material and a recovering means to recover 

n 

ffj valent metals from the separated cathode material and the 
separated anode material. 

In the first invention, the separating process may be 
constituted by a cooling process to refrigerate the refuse 
secondary batteries with liquid nitrogen and a crushing process 
to crush the refrigerated secondary batteries, thereby 
recovering valent metals from the crushed product. 

Alternatively, the first invention may be constituted by 
including a water rinsing.process to rinse the crushed product 
obtained in the crushing process described above and a first 
sieving process to sieve the rinsed product. 

Moreover, a second sieving process to further sieve a 




component sieved down in the first sieving process, a second 
crushing process to crush the component remained over a sieve 
in the first sieving process and a third sieving process to sieve 
the crushed product in the second crushing process may be 
included in the recovering process specified in the first 
invention described above. 

Whereas, the sieved-down component obtained in the second 
sieving process may be mainly consisted of the separated cathode 
material . 

C3 

P Whereas, the s eparated cat hode ma terial described above may 

. Fa 

P be mainly consisted of a hydrogen-occluded alloy. 

FU 

%j Whereas, the recovering process specified in the first 

m 

s invention of the present invention may include a rubbing process 
Lsj to rub a mixture of a component remained over a sieve in the 

o 

s p second sieving process and a component sieved down in the third 

P 

fy sieving process, and a wet magnetic separation process to 
magnetically separate the crushed-product after subjected it 
to the rubbing process under wet condition. 

Further, the component remained over a sieve in the third 
sieving process may be mainly consisted of iron scrap, and, in 
the wet magnetic separation process, the magnetic material may 
be a component mainly consisted of - spumous nickel, and' the 
non-magnetic material may be a component mainly consisted of 
nickel hydroxide. 

In the second invention of the present invention, the 
separating means may include a cooling means to refrigerate 
refuse secondary batteries with liquid nitrogen and a crushing 
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means to crush ref r iger at ed-ref use secondary batteries, thereby 
recovering valent metals from the crushed product. 

In the first invention, the recovering process may include 
a fusing process to fuse the cathode material separated in the 
separating process described above after adding calcium, 
thereby recovering valent metals. 

The amount of the calcium to be added may be in a range of 
from 1 to 50 parts by weight based on 100 parts by weight of 
the cathode material. . - 

The addition of the calcium may be done after the melting 
of the separated cathode material. 

Whereas, the fusing process described above may be carried 
out by adding nickel as a starter metal into the cathode material. 

Whereas, the fusing process may be carried out under an 
atmosphere of an inactive gas. 

Whereas, the separated cathode material may be one prepared 
by crushing and separating the refuse secondary batteries after 
refrigerating them with liquid nitrogen during the mechanical 
separation process. 

In the second invention of the present invention, the 
recovering system may include a fusing means to fuse the cathode 

material separated by the separating means described above after 

* 

adding calcium, thereby recovering valent metals. 

Whereas, in the first invention, the recovering process may 
include a oxidation process to oxidize the cathode material 
separated in the separating process described above at a low 
temperature . 



And, the oxidation process may be carried out at a 
temperature lower than 300°C and at an oxygen concentration in 
a range of from 5 to 25%. 

And, in the oxidation process, nickel hydroxide being an 
anode material may be added for adjusting the oxygen 
concentration. 

Whereas, in the mechanical separation process, the 
separated cathode material may be the one prepared by crushing 
and separating the refuse secondary batteries after- 
refrigerating them with liquid nitrogen. 

Whereas, in the second invention, the recovering system may 
include an oxidation means to oxidize the cathode material 
separated by the separating means described above at a low 
temperature, thereby recovering valent metals. 

Whereas, in the first invention, the recovering process may 
include a rare earth element removing process to remove rare 
earth elements by adding an acid in an amount of 0.1-2.5 times 
equivalent into a solution of rare earth elements based on the 
cathode material separated according to the separating process 
described above, a drying process to dry the cathode material 
obtained after removing the rare earth elements ,and a fusing 
process to fuse the dried cathode material and then to.re'cover 
valent metals from the resulting melt. 

In addition, an oxidation process to gradually oxidize the 
cathode material while giving bubbling of air into the aqueous 
solution may be included in a place prior to the drying process 

Whereas, the fusing process may include a step of adding 



nickel as a starter metal into the raw material for the fusing. 

Whereas, the separated cathode material may be one prepared 
by crushing and separating the refuse secondary batteries in 
the said mechanical separation process following to the 
refrigeration . of such batteries with liquid nitrogen. 

Whereas, in the second invention, the recovering system may 
include a rare earth elements removing process to remove rare 
earth elements by adding an acid in an amount of 0.1-2.5 times 
equivalent into a solution of rar.e earth elements based on the 
cathode material separated according to the separating process 
described above, a drying process to dry the cathode material 
obtained after removing the rare earth elements therefrom, and 
a fusing process to fuse the dried cathode material and then 
to recover valent metals from the resulting melt. 

In the first invention, the recovering process may include 
a reduction fusing process to fuse under reduced condition the 
cathode material separated in the separation process described 
above after adding either carbon or plastic and a carbon- 
removing process to remove carbon contained in the valent metals 
by applying heat for causing oxidation under an oxidation 
atmosphere at either prior or subsequent step to the reduction 
fusing process, thereby recovering the valent metals. 

And, the separated cathode material described above may 
contain refuse anode material and refuse sintered nickel. 

Whereas, the carbon-removing process described above may 
be constituted by including a step for an addition of CaF 2 . 

Whereas, in the carbon-removing process, an oxidizing agent, 
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either oxygen or nickel oxide, may be used. 

Whereas, the separated cathode material described above may 
be one prepared by crushing and separating the refuse secondary 
batteries after refrigerating them with liquid nitrogen during 
the mechanical separation process. 

Whereas, in the second invention, the recovering system may 
include a reduction fusing process to fuse the cathode material 
separated in the separation process described above under 

y, reduced condition after adding either carbon or plastic and a- 

□ 

£3 carbon-removing process to remove carbon contained in the valent 

b ■ 

£3 metals by applying heat for causing oxidation in an oxidation 

ru J *" ■ 

NJ atmosphere at either prior or subsequent process to the 

m 

3 reduction fusing.process, thereby recovering the valent metals. 

n • '*• 

tsa» 

tU In the said first invention, the refuse secondary batteries 

a 

4= may be any of nickel-hydrogen . secondary battery, refuse 

s 

rU nickel-hydrogen secondary battery and nickel-cadmium secondary 
battery . 

In the said first invention, the valent metals may be one 
being mainly consisted of hydrogen-occluded alloy, spumous 
nickel, nickel hydroxide and iron scrap. 

In the said first invention, - the recover ing .process for 
valent metals may be carried out under an atmosphere bf an 
inactive gas. 



Brief Explanation on Drawings 

Fig. 1 is a process chart for illustrating a recovering 
process for recovering valent metals specified in the first 
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embodiment of the present invention. 

Fig. 2 is a process chart for illustrating a recovering 
process for recovering valent metals specified in the second 
embodiment of the present invention. 

Fig. 3 is a process chart for illustrating a recovering 
process for recovering valent metals specified in the third 
embodiment of the present invention. 

Fig. 4 is a process chart for illustrating another 
recovering process for recovering valent metals specified in- 
the third embodiment of the present invention. 

Fig. 5 is a process chart for illustrating a recovering 
process for recovering valent metals specified in the fourth 
embodiment of the present invention. 

Fig. 6 is a process chart for illustrating a recovering 
process for recovering valent metals specified in the fifth 
embodiment of the present invention. 

Fig. 7 is a process chart for illustrating another 
recovering process for recovering valent metals specified in 
the fifth embodiment of the present invention. 

Fig. 8 is a process chart for illustrating an other type 
of the recovering process for recovering valent metals specified 
in the fifth embodiment of the present invention. 

Fig. 9 is a process chart for illustrating one more different 
type of the recovering process for recovering valent metals 
specified in the fifth embodiment of the present invention. 

Fig. 10 is a process chart for illustrating further 
different type of the recovering process for recovering valent 
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metals specified in the fifth embodiment of the present 
invention . 

Best Modes for Carrying Out the Invention 

Now, the present invention is further explained with 
referring the attached drawings, however, the scope of the 
present invention should not be construed within the range 
described below. 

[First Embodiment ] 

Now, the first embodiment for the recovering process of the 
present invention is explained in detail with referring the 
drawing shown below. 

Fig. 1 is a process chart for showing the recovering process 
according to the first embodiment. 

In this embodiment, valent metals can be recovered from the 
crushed refuse secondary batteries following to refrigeration 
of the refuse secondary batteries with liquid nitrogen and 
subsequent crushing thereof in the mechanical separation 
process . 

According to this embodiment, safe, .simple and 
economically-advantageous recovering of valent metals from the 
refuse secondary batteries in high purity and in high recovery 
rate can be achieved, since the recovering can be made by directly 
refrigerating the refuse secondary batteries at a fixed 
temperature and then directly crushing them, without cutting 
and separating the refuse secondary batteries into each 
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components and cutting the each components in a way being done 
in the past . 

In the present invention, there is no limitation in the type 
of said refuse secondary batteries, and any of lithium ion 
batteries, nickel-hydrogen secondary batteries , nickel-cadmium 
secondary batteries,, etc. can be used, for example. 

Particularly, refuse nickel-hydrogen hatteries to be used 
for the batteries for hybrid-type electric cars (H-EV) , which 
are expected to be produced in great numbers later, arer 

C9 

q considered as the most preferable object. The same expectation 

V3 

**\ can be applied in the following embodiments. 

ru 

The cathode material used for the nickel-hydrogen batteries 

m 

5 contains hydrogen-occluded alloy in powder , nickel powder , etc. 

a 

[J as the main components, and the anode material thereof is 

P 

s p composed of sintered nickel hydroxide as the main component. 

5 

ry The same can be applied in the embodiments described in the 
following . 

The recovering system of the second embodiment to recover 
valent metals from the refuse secondary batteries is constituted 
by including a cooling means to refrigerate the refuse secondary 
batteries with liquid nitrogen and a crushing means to crush 
the refrigerated refuse secondary batteries, thereby recovering 
the valent metals from the said crushed product. 

Now, the process for the recovering system for valent metals 
is explained in the following. 

As shown in Fig. 1, the valent metals can be recovered from 
the refuse secondary batteries by passing the following 

12 



processes from 1 to 10 without cutting and separating the refuse 
secondary batteries into the parts. 

(1) First Process (Refrigeration process) 

In the .refrigerating process 101, refuse secondary 
batteries are placed into a cooling container to directly make 
them breakable at a low temperature. 

For the refrigerating means, use of liquid nitrogen (-196°C) 
is the most preferable means, and the refuse secondary batteries 
can be transiently cooled by directly dipping them into liquid- 
nitrogen. Cooling temperature by using the liquid nitrogen is 

- 200°C / and there is no limit in the time for the refrigeration, 
however, it is preferable to take the cooling time more than 
5 min. to make the batteries breakable. 

The use of liquid nitrogen for making the refuse secondary 
batteries at a low temperature is for corresponding to 
difficulty in the separation of each components contained in 
a case body under pressing condition at the subsequent crushing 
process and for aiming at securing safety in the operation. 

(2) Second Process (First Crushing Process) 

The crushing process 102 is to crush the refuse secondary 
batteries having been breakable at a low temperature by using 
a biaxial low speed shearing crusher. 

When crushing the batteries by using the crusher^ it is 
necessary to put the refus.e batteries in longitudinal direction 
to avoid cutting in the horizontal direction. This is because 
of that the active substance is rolled like a scroll. 

As described above, the following advantage's are given in 
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the first process (Refrigerating process) and the second process 
(First crushing process). 

® Less development of material mass are given at crushing. 
(2) It is safe in view of explosion, heat generation, etc. 
(S) It is possible to reduce load given to the crusher. 
® Less rolling into the active substance caused by a separator 

can be attained. 
(D Less stain due to alkaline electrolyte can be attained. 

m @ Good exfoliation property of the active substance from a^ 

C3 

£3 substrate can be given. 

tj (3) Third Process (Second Crushing Process) 

FU 

SI The second crushing process 103 is to further crush the 

m 

s refuse secondary batter ies. . having been crushed in the first 

Q ^ 

IU crushing process and being in frozen condition by using an 

a ~ " - 

sp uniaxial high speed shearing crusher. 

Q 

fy This crushing is to break down materials, which are hard 

to separate from the case body and the crushed product in the 
first crushing process. 

In this crushing, it is preferable to set the mesh size of 
the crusher to more or less 1 inch, since the hydrogen-occluded 
alloy may cause fire when the mesh size is too fine. 
(4) Forth Process (Water-Rinsing Process) 

The water-rinsing process 104 is to rinse the crushed 
batteries with water by using an underwater aeration separator 
to obtain a separated component. 

The underwater aeration separator owns both function of 
mechanical stirring and aeration, it thereby allows to stir the 
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secondary crushed product in water to dissolve the objective 
valent metals and to give washing under alkaline condition. 
After this process, the separated component aggregates around 
water surface by giving light aeration, which allows to 
facilitate the separation by using a skinmer, etc. 
(5) Fifth Process (First Sieving Process) 

The first sieving process 105 is to sieve under wet condition 
powdery components mainly consisting of hydrogen-occluded alloy 

1^ and iron scrap mainly containing the case body. The mesh of the 

P 

C3 sieve should be set in a range of insomuch 1 mm ± 0.5. 

v3 

£3 (6) Sixth Process (Second Sieving Process) 

ru 

Sj The second sieving process 106 is to further sieve the 

cri 

5 separated-down component in powder obtained in the first sieving 

m process and then to sieve it into a component mainly consisted 

Q 

B e of hydrogen-occluded alloy as a cathode material (Product 1) 

Q 

?y and another component part. 

The hydrogen-occluded alloy is easily breakable and has a 
distribution in a range of finer sizes, therefore it can be sieved 
to a predetermined particle size under wet condition. In this 
embodiment, although the mesh of the sieve is set to insomuch 
0.21 mm, it is preferable to use a finer mesh to obtain better 
hydrogen-occluded alloy in quality. 
(7) Seventh Process (Third Crushing Process) 

The third crushing process 107 is to crush the component 
(mainly consisted of iron scrap) remained over the sieve in the 
first sieving process by using a shock crusher. 

This is because that the anode material still remains over 

15 



the sieve in the first sieving process in a state being attaching 
onto the substrate of the battery. Therefore, this third 
crushing process is aiming at exfoliating the anode material 
from the substrate. 

(8) Eighth Process (Third Sieving Process) 

The third sieving process 108 is to sieve under wet condition 
the crushed product obtained in the process 7 described above 
to thereby obtain powder substance mainly consisting of the 
anode material and iron scraps. 

In this process, the sieving is carried out through a sieve 
having a mesh being set to a size of insomuch as 1 mm, and iron 
scrap (Product 4) mainly containing the case body and the 
substrates is obtained over the sieve, and the separated anode 
material, whereto spumous nickel and nickel hydroxide are 
attached, is obtained under the sieve. 

(9) Ninth Process (Pulverizing Process) 

This pulverizing process 109 is to mix the component 
remained over a sieve in the second sieving process 106 and the 
component sieved down in the third sieving process 107, and then 
to subject the mixture to wet pulverization by using a ball mill 
to crush the spumous nickel, which is a valent metal, thereby 
separating the nickel hydroxide filled therein solely. 

"2 

(10) Tenth Process (Wet Magnetic Separation Process) 

The wet magnetic separation process 110 is to magnetically 
separate the spumous nickel as a strong magnetic element and 
the nickel hydroxide as a non-magnetic compound under wet 
condition to obtain a component (Product 2) mainly consisting 
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of spumous nickel and a component (Product 3) mainly consisting 
of nickel hydroxide . 

In the recovering process according to the present invention, 
the processes from 1 to 5 are the basic processes, and the 
processes from 6 to 10 can be appropriately combined with the 
basic processes. 

For example, when the third process 103 (Second sieving 
process) can be carried out successfully, it is allowed to omit 
the seventh process 107 (Third crushing process). 

The present invention provides the following advantages 
based on the process to carry out crushing after making the 
battery materials breakable at a low temperature by using liquid 
nitrogen as described above. 

® Though residual electricity may remain in the refuse secondary 
batteries, it is safe to take crushing process following to 
the refrigerating process of the batteries as no sparks or 
the like at the crushing will not be caused. 

© Though an electrolyte contained in the batteries, which is 
normally composed of high concentrated alkaline liquid, is 
normally dangerous to handle, the inventive process gives safe 
condition as it carries out the operation according : ;to a 
process under wet condition. 

® The mesh of the sieves is adjusted to a finer size in all of 
the sieving processes, thereby allowing to recover valent 
metals in a state of high purity from the batteries. 
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[Example 1] 

Now, a preferable example definitely demonstrating the 
advantageous effect of the first embodiment, however, it should 
be noted that. the scope of the present invention should not be 
limited to the description in this example. 

In this example, valent metals were recovered from refuse 
secondary batteries according to the process shown in the 
process chart in Fig. 1. 

The refuse secondary battery .is nickel-hydrogen secondary 
battery, wherein hydrogen-occluded alloy is used as a cathode 
material, nickel hydroxide and spumous nickel are used as a anode 
active material, and iron is used for the case body and the 
substrate . 

The refuse secondary batteries in a state that the six pieces 
being connected are inserted into a cooling container to 
directly dip them into liquid nitrogen for more than 5 min. (First 
process: Refrigerating process). 

Then, by using a biaxial low temperature shearing crusher 
(Goodcutter UG2010-20-320 , Manufactured by Ujiie Seisakusho 
Co.), the refuse secondary batteries were crushed following to 
the insertion of the batteries in ' longitudinal direction into 
the crusher (Second process: First crushing process) v 

* 

Then, the refuse secondary batteries crushed in the first 
crushing process and being in frozen condition were crushed by 
using an uniaxial high speed shearing crusher (Third process: 
Second crushing process). In the second crushing process, a 
rather large mesh size, 1 inch, was employed. 
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Then, water-rinsing was conducted by using an underwater 
aeration separator to stir the component obtained in the second 
crushing process in water and to dissolve the objective valent 
metal, followed by., washing with alkaline solution, thereby 
obtaining an objective separated component (Forth process: 
Water-rinsing process). 

Then, sieving was carried out to separate the powder 
component mainly consisting of hydrogen-occluded alloy and iron 
scraps mainly containing the case- body of the batteries under" 
wet condition (Fifth process: First sieving process) . In this 
sieving, the mesh size of the sieve was set to 1 mm. 

The powder component passed through the sieve in the first 
sieving process was further sieved under wet condition to obtain 
a component mainly consisting of hydrogen-occluded alloy 
(Product 1) and the other component (Sixth process: Second 
sieving process). In this sieving, the mesh size of the sieve 
was set to 0.21 mm. 

Recovery results for the Product 1 obtained as described 
above are shown in Table 1 below. 

Further, the analytical results by particle size on valent 
metals contained in the Product 1'are shown in Table 2 below. 

Then, the component remained over* a sieve in thus first 
sieving process was crushed by using an impact crusher (Seventh 
process: Third crushing process ) . 

The crushed component was then sieved with a sieve having 
1 mm mesh under wet condition to separate into powder component 
mainly consisting of an anode material and iron scrap (Eighth 
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process: Third sieving process). 

After conducting the third sieving process, the iron scrap 
(Product 4), such as the case body and the substrate, were 
collected over the sieve, whereas anode material, whereto 
spumous nickel. and nickel hydroxide are attached, was collected 
under the sieve. 

Hereunder, recovery results for the Product 4 obtained above 
is shown in Table 1. 

The component remained over a sieve in the second sieving- 
process and the component sieved down in the third sieving 
process were mixed, and the resulting mixture was then subjected 
to wet pulverization by using a magnetic ball mill with a capacity 
of 1 liter to crush the spumous nickel, thereby separating the 
nickel hydroxide filled therein as simple substance (Ninth 
process: Pulverizing process) . 

After the pulverization described above, the crushed 
component was magnetically separated by wet magnetic separation 
using a stick magnet (3, 000 Gauss) into spumous nickel as a strong 
magnetic substance and nickel hydroxide as a non-magnetic 
substance to obtain Product 2 and Product 3 (Tenth process: Wet 
magnetic separation process). 

The recovery results for Product 2 and Product 3 obtained 
as described above are shown in Table 1. 

The analytical results of the pulverized component by 
particle size and results of magnetic separation of the 
component passing through a sieve having less than 400 mesh are 
shown in Table 3. In the Table 3, MAG represents the component 
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attached to the stick magnet after the wet magnetic separation, 
and N-MAG represents the component that did not attach to the 
stick magnet after the wet magnetic separation. 



Table 1 







% by 

Weight 


Content (%) 


Component (%) 






Ni 


Fe 


Ce 


MH 
Com- 
ponent 


Nickel 
hydro- 
xide 


Spumous 
Nickel 


Sub- 
strate 




1 


35.8 


50.3 


0 . 1 


11 . 6 


89.3 


19 . 4 


19.4 


0 . 1 


1-1 
O 

a 


2 


22.5 


78 .2 


1 . 6 


1 . 0 


4 . 7 


31 . 3 


80.4 


1 . 3 


c 

o 


3 


11.7 


41.7 


0 . 0 


2 . 2 


5 . 6 


49 . 1 


0 . 0 


0 . 0 


ft 


4 


30.0 


7 . 0 


92 .0 


0 . 1 


0 . 4 


0 . 2 


0 . 3 


98 . 5 



Table 2 





% by Weight 


Ni 


Fe 


Ce 


C 


- 400 
mesh 


65 . 1 


48.3 


0.21 


13 . 6 


1 .14 


400-325- 


8 . 1 


49.6 


0.21 


13 . 8 


0 . 90 


325— 250 * 


7 . 0 


52.2 


0 . 34 


11.7 


1 . 08 


250—100 


14.3 


5 6.7 


0 . 41 


8 . 5 


0.93. 


+ 100 
mesh 


5 . 5 


61 . 9 


0 . 43 


5 . 2 


0 .75 


Total 


10 0.0 


50 . 6 


0.26 


12.3 


1 .06 
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Table 3 





% by Weight 


Ni 


Fe 


Ce 


C 


+ 250 
mesh 


2 . 7 


17 . 9 


87 . 3 


0 . 33 


0 . 48 


2 5 0 ~ 4 0 0 


16.5 


78.2 


0 . 08 


0 . 38 


0 . 22 


- 4 00 MAG 


39.6 


81 . 4 


0 . 03 


0.86 


0 . 18 


- 400N- 
MAG 


41.2 


56.2 


0.06 


1 . 31 


0 . 45 


Total 


100.0 


68 . 8 


2 . 41 


0 . 95 


0 .31 



From the results shown in Table 1, it is demonstrated that 
Product 1 contains greater amount of nickel and cerium, which 
indicates that hydrogen-occluded alloy is mainly recovered. It 
is also indicated that spumous nickel is recovered as the main 
component from Product 2, nickel hydroxide is recovered as the 
main component from Product 3, and iron (the substrate) is 
recovered as the main from Product 4. 

From the results shown in Table 2, it is noted that 
hydrogen-occluded alloy is collected in the component sieved 
down through a fine mesh (250 mesh) where a greater amount of 
cerium is contained. Therefore, in order to recover 

hydrogen-occluded alloy in high recovery rate, it is preferable 
to set the mesh size to 250 mesh in the sixth process, second 
sieving process. 

From the results shown in Table 3, it is obvious that the 
iron scrap mainly consisting of the substrate is distributed 
in the component remained over the sieve of 250 mesh, whereas 
spumous nickel is crushed and is thereby distributed in the 



22 



component sieved down through the sieve of 250 mesh, and that 
a great amount of nickel hydroxide is separated. 

As described above, according to the recovering process of 
the present invention, it is understood that valent metals can 
be recovered from refuse secondary batteries in high purity and 
in high recovery rate safely, simply and economically- 
advantageous ly . 

[Second Embodiment] . " 

Fig, 2 is a process chart for explaining the recovering^ 
process according to the second embodiment. 

As can be seen from Fig. 2, the recovering process of this 
embodiment is to recover the valent metals by subjecting the 
cathode material 12 separated by the mechanical separation 
process in the anode-cathode separation process 201 from the 
refuse secondary batteries 11 to the fusing process 202 after 
an addition of calcium, thereby recovering the valent metals 
13 from the separated cathode material 12. 

As shown in Fig. 2, the refuse secondary batteries are 
separated into the cathode material and the anode material by 
means of cutting, crushing, sieving, etc., according to the 
mechanical separation process described in the first embodiment 
and known mechanical process, for example, such process 
disclosed as in Japanese laid-open patent publication No. 
9-117748. Such processes can be similarly applied to the 
embodiments described below. 

In the separated cathode material from a nickel-hydrogen 
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battery, not only the cathode material but also the anode 
material are contained at a content of approximately 20% by 
weight. For example, the anode material contains nickel in an 
amount of 68.7%, the cathode material contains nickel in an 
amount of 45.6% by weight and cerium in an amount of 14.6% by 
weight, and the separated cathode material contains nickel in 
an amount of 50.4% by weight and cerium in an amount of 12.0% 
by weight . 

The anode material mainly contains nickel hydroxide, which: 
gives adverse effect on the recovery rate of mesh metals or the 
like at recovering velant metals. 

In the present embodiment, a cathode material with the 
composition as specified in Table 4 is used and it is subjected 
to the fusing process after an addition of calcium as shown in 
Fig . 2 . 

Namely, the cathode material, nickel as a starter metal and 
calcium for reduction are introduced into a tubular furnace and 
then subjected to the fusing process under an atmosphere using 
an inactive gas. 

The fusing was continued for 2 hours at 1, 500°C following 
to feeding of a cathode material in an amount of ,10g, nickel 
in an amount of 30g and calcium in an amount of l.Og .into an 
aluminum-made crucible under argon gas flow at a rate of 0.5 
1/min. , for example. The content and recovery rate of the valent 
metals is shown in Table 4. 

In the present embodiment, the addition of calcium during 
the fusing process for the separated cathode material is to 
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improve the recovery rate for the mesh metals by means of removing^ 
the oxidized film of rare earth elements which covers the surface 
of hydrogen-occluded alloy by subjecting the oxidized film to 
calcium reduction. 

The additional amount of calcium is preferably in a range 
of from 1 to 50 parts by weight based on 100 parts by weight 
of the cathode material . The additional effect may not be gained 
when this amount is less than 1% by weight, whereas no further 
additional effect may not be give.n even applying calcium in an 

H 

Q amount more than 50 parts by weight. 

C3 

\Q In Table 5, contents and recovery rates for valent metals 

P 

FU after subjecting the cathode material to the fusing process, 

"li 

Cn where no calcium for reduction was applied into a tubular 

s 

S3 crucible for the comparison, are shown. 

w 

Q Table 4 

ru 

( Calcium- added ) 







Ni 


Co 


La 


Ce 


Fe 


Ca 


Cathode 
mat e r i a 1 


Content 
(% by 
weight ) 


51.50 


8 .37 


8 . 10 


11.94 


0 .22 




Valent 
material 


Content 
(% by 
weight ) 


93.80 


2 . 13 


1 . 60 


2 .34 


0 .067 


0.003 


Recovery rate (%) 


c . a . 
100 


94.99 - 


71.1 


73.2 
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Table 5 

(No calcium added) 







Ni 


Co 


La 


Ce 


Fe 


Ca 


Cathode 
material 


Content 
(%by 
weight ) 


51.50 


8 . 37 


8 .40 


11.94 


0 .22 




Valent 
material 


Content 
(% by 
weight ) 


9 6.30 


1 .73 


0 . 051 


0 .300 


0 . 055 




Recovery rate (%) 


79.92 


71.72 


2 .11 


8 . 72 







As shown In Table 4 and Table 5, more recovery of valent 
metals, including nickel, cobalt, lanthanum and cerium, can be 
attained when adding calcium at the process for fusing (Table 
4) than the" recovery without addition of calcium at the process 
for fusing (Table 5). Particularly, the recovery rate for 
lanthanum and cerium, which constitute mesh metals, showed 
higher values . 

For decreasing the carbon content, it is preferable to fuse 
the refuse batteries without addition of calcium and then to 
reduce the mesh metals with addition of calcium. 

Consequently, it is obvious that the valent metals, in 
particular mesh metals, can be recovered in high purity and in 
high yield by subjecting the cathode materials being separated 
from the refuse secondary batteries to the fusing process 
following to the addition of calcium into the cathode material. 

As described above,' ' according to the recovery process 
specified in this embodiment, it is possible to simply recover 
the valent metals, particularly mesh metals, in high purity and 
in high yield from the refuse secondary batteries. 

■ The recovering system of valent metals from the refuse 
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secondary batteries according to the present embodiment is 
constituted by a separating means to mechanically separate the 
refuse secondary batteries and to separate them into cathode 
materials and anode materials and a fusing means to fuse the 
separated cathode materials obtained in the separating process 
following to the addition of calcium thereto, thereby recovering 
the valent metals. 

[Third Embodiment] 

Fig, 3 shows a flow chart for explaining the recovery proces s 
for valent metals from refuse nickel-hydrogen secondary 
batteries according to the present embodiment. 

As illustrated in Fig . 3 , the recovery process for the valent 
metals from the refuse secondary batteries is constituted by 
a separating process 301 to destroy, crush and sieve dead 
nickel-hydrogen secondary batteries, then to remove plastics, 
papers, iron, etc. 22 by mechanical separating means to recover 
the valent metals 23 and to separate the recovered valent metals 
into cathode materials 24 and anode materials 25, an oxidizing 
process 302 to oxidize the cathode materials 24 at a low 

temperature (lower than 300°C) and a fusing process ( 303 to fuse 
the oxidized materials under an atmosphere of an inactive gas 

(ex. Argon, etc.) at a temperature, for example 1500°C, thereby 
recovering Ni, etc. as recovered metals 26 from the fused 
materials . 

The separating process 301 for the valent metals by breaking 
down, crushing and sieving the dead nickel-hydrogen secondary 
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batteries is a process to separate the batteries into a group 
consisting of plastics, papers, iron, etc. 22 and a group of 
valent metals 13, such as nickel hydroxide, hydrogen-occluded 
alloy and spumous nickel, for which a shearing crusher or the 
like is used for the breaking down, a crusher having 3 cutters 
and 5 stages or the like is used for the crushing under wet 
condition, and a sieve with 28 mesh more or less is used for 
the sieving. The non-separated materials remained over the 
sieve are magnetically separated at magnetic power of" 
p 2,000-3,000 Gauss to remove non-magnetic materials, such as 

o 

SS plastics and papers, and trace amount of plastics and papers 
fy are removed by means of burning. 

ys The residue remained after, burning are pulverized by using 

U a vibrating mill and then sieved through a sieve having 24 mesh 
M more or less to separate into iron and spumous nickel, and the 
U spumous nickel obtained is concentrated and recovered as a fine 
particle part less than 24 mesh to obtain the valent metals 23. 

Whereas, active materials for a battery, valent me tals , such 
as nickel-hydrogen and nickel hydroxide, are also concentrated 
into the said fine particle part less than 24 mesh which is 
obtained by wet crushing and separation by using a crusher. 
However, the mesh size specified above should not be limited 
to the range specified above. ' 

A further efficient separation could be attained by 
employing the mechanical separation process to . make the 
materials breakable at a low temperature with liquid nitrogen 
as described in the first embodiment. 
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The cathode materials 24 mechanically-separated from the 
valent metals 23 are oxidized at a low temperature lower than 
300°C. In the present embodiment, it is preferable to set said 
temperature at 300°C or lower, and more preferably at 150°C or 
lower. 

If the said temperature for the oxidation is set at higher 
than 300°C, oxidation reaction in normal atmosphere may proceed 
too fast, which requires to pay further strict control on the 
a tmo sphere . 

The oxygen concentration required for the present 
embodiment is preferably in a range of from 5 to 25%, and more 
preferably in a range of from 7 to 20%.. Efficiency for removing 
carbon (C) can be lowered when the said oxygen concentration 
is less than 5%, whereas the oxygen reaction proceeds too fast 
and thereby lowering a rate for recovering metals when the oxygen 
concentration is higher than 25%. 

The reason to set the said oxygen concentration at a range 
specified above is to improve the carbon-removing rate according 
to the mechanism described below. 

In general, when fusing the cathode materials under an 
atmosphere of an inactive gas, the oxidation and removal of 
carbon is carried out by using oxygen contained in the .- said 
cathode materials. Under the condition where the cathode 
materials are fused, rare earth elements contained in the 
cathode materials can be oxidized in preference to carbon (C), 
which consumes oxygen contained in the cathode materials, and 
the oxidation and removal of carbon is then accomplished with 
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the remaining oxygen therein. Therefore, it is required to 
supply surplus oxygen to be used for oxidizing rare earth 
elements other than oxygen to be used for oxidizing carbon into 
the cathode materials, so that the oxygen concentration in this 
embodiment is set to a range of from 5 to 25% for this reason. 

Further, in adjustment of the oxygen concentration, the 
surplus oxygen to be added can be appropriately adjusted" to a 
range of from 5 to 25% beforehand by adding nickel hydroxide 
as a anode material pro re nata.. -~ 

The oxidation reaction for the rare earth elements (RE) to 
be subjected to the fusing process is a priority reaction as 
follows . 

RE (rare earth elements other t ha nCe) +3/2 0— ► 1/2 RE 2 0 3 ( 1 ) 

Ce + 2 O Ce0 2 (2) 

And, the reaction for removing carbon is as follows. 

C + 2 O -* C0 2 (3) 

or 

C+0-*CO (4) 

As described above, recovery of valent metals, such as Ni 
and Co, can be achieved by oxidizing and fusing the cathode 
materials contained in the refuse nickel-hydrogen secondary 
batteries at a low temperature lower than 300°C . 

Alternatively, the following process can be employed as a 
process for fusing and removing the rare earth elements. 

10-90% of the rare earth elements can be fused and removed 
with an inorganic acid, such as hydrochloric acid and sulfuric 
acid, in an amount of 0.1-2.5 times equivalent, and preferably 
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0.3-1.5 times equivalent, which is required for dissolving the 
rare earth elements. The reason to fix the amount of the 
inorganic acid to a range of from 0.1-2.5 times equivalent is 
that the amount of the fused rare earth elements gets less and 
the carbon-removing' effect at the fusing process get reduced 
when the amount of the inorganic acid is less than 0.1 times 
equivalent, whereas the loss of nickel and cobalt at the fusing 
process other than rare earth elements get increased when the 
amount of the inorganic acid is more than 2.5 times equivalent.- 

Then, after dissolving the rare earth elements with the 
inorganic acid and remove it, the cathode materials are 
subjected to drying and oxidation processes at a temperature 
lower than 300 °C , preferably lower than 150 °C , and more 
preferably lower than 100°C to adjust the oxygen concentration 
to a range of from 5 to 25% for the subsequent oxidation. 

Whereas, it is possible to adjust the oxygen concentration 
to an appropriate range of from 7 to 20% by gradually oxidizing 
the cathode materials in water while bubbling air therein before 
subjecting it to the drying process. 

Further, as shown in Fig. 4, the oxidizing process 302 in 
the third embodiment described above can be replaced by nickel 
hydroxide treating process 304 to add nickel hydroxide. 

The recovering system.'of valent metals from refuse secondary 
batteries of the present example based on the recovering process 
as described above is constituted by a separating means to 
mechanically separate the refuse secondary batteries and to 
separate the battery materials into cathode materials and anode 
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materials and oxidizing means to oxidize the cathode materials 
in the recovered valent metals at a low temperature, thereby 
recovering the valent metals from the refuse secondary 
batteries . 

[Example 2] 

Now, an example for the third embodiment is. explained below, 
however, it should not be construed that the scope of the 
invention is limited to the rang.e of the description in the- 
following. 

<Compar is on Example > 

The pure cathode shown in Table 6 in an amount of lOg and 
nickel in an amount of 30g are directly filled into an aluminum 
crucible without subjecting them to oxidation and are 
subsequently subjected to the fusing process at 1,500°C for 2 
hours under argon gas flow at a flow rate of 0.5 liter/min. to 
thereby recover the valent metals. 
<Example 2-l> 

The material in an amount of lOg obtainable by oxidizing 
the pure cathode having a composition shown in Table 6 by drying 
at 150°C for 24 hours and nickel in an amount of 30g are filled 
into an aluminum crucible and subjected to the fusing process 
at 1, 500°C for 2 hours under argon gas flow at a flow rate of 
0.5 liter/min. to thereby recover the valent metals. 
<Example 2-2> 

Pure cathode material in an amount of lOg having a 
composition shown in Table 6, whereto nickel hydroxide in an 
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amount of 10% based on the weight of the pure cathode is added, 
and nickel in an amount of 30g are filled into an aluminum 
crucible, and the crucible was subjected to the fusing process 
at 1, 500°C for 2 hours under argon gas flow at a flow rate of 
0.5 liter/min. to thereby recover the valent metals. 
<Example 2-3> 

Pure cathode material in an amount of lOg having a 
composition shown in Table 6, whereto nickel hydroxide in an 
amount of 20% based on the weight of the pure cathode, and nicker 
in an amount of 30g are filled into an aluminum crucible and 
subjected to the fusing process at 1, 500°C for 2 hours under argon 
gas flow at a flow rate of 0.5 liter/min. to thereby recover 
the valent metals. The results are shown in Table 6. 
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As shown in Table 6, the recovery rates for Ni and Co are 
both higher than 90% in Example 2-1, both are 80% in Example 
2-2, and both are 50% more or less in Example 2-3 though the 
amount of carbon being reduced. 

As described above, the recovery of valent metals, such as 
nickel and cobalt, from the refuse nickel-hydrogen secondary 
batteries can be efficiently achieved .by simple process 
according to the present embodiment. 

C3 [Forth Embodiment] 

g 

M3 Fig . 5 shows a flow chart for explaining the recovery process 

P 

rU for valent metals from refuse nickel-hydrogen secondary 

W 1 batteries according to the, present embodiment. 

M As shown in Fig. 5, the present recovery process is a process 

w 

to mechanically separate the refuse secondary batteries 11 into 
fc3 cathode material and anode material in the separating process 

fu 

401 and then to recover valent metals from the separated cathode 
material 12, wherein the separated cathode material 12 is 
subjected to an acid-dissolving process 402 to remove the rare 
earth elements contained therein with an acid in an amount of 
0.1-2.5 times equivalent, which is the amount required for 
dissolving the rare earth elements, and is then dried, ^and the 
dried material is fused in the fusing process 403 to recover 
the valent metals. 

Similarly in the third embodiment, the separated cathode 
material .is defined in the present embodiment as a cathode 
composition itself or a cathode composition whereto an anode 
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composition is partly contained. 

Now, recovering process for valent metals according to the 
present embodiment is explained with referring to the attached 
drawings . 

In the acid-dissolving process 402, the separated cathode 
material 12 is dissolved with an acid as shown in Fig. 5. Namely, 
the separated cathode material 12 is admixed with a solution 
of an acid such as sulfuric acid and is subjected to the infusion. 
For the acid used here, a strong acid, such as sulfuric acid," 
M hydrochloric acid and nitric acid, can be given as the examples, 
]~ and preferable pH range of the acid is from 3 to 4 . The amount 
[^j of the acid is in a range of from 0.1 to 2.5 times equivalent, 
- M and more preferably from 0.3 to 1.6 times equivalent, which 
^ amount is required for dissolving the rare earth elements (RE) . 
-J The reaction of the acid and the rare earth elements in the said 
process is represented by the following equations. 

i y 

RE + 3/2 H 2 S0 4 -> RE 3 * + 3/2 S0 4 2 " + 3/2 H 2 T (Gas) 

RE + 3 HC1 -» RE 3 " + 3 CI + 3/2 H 2 T (Gas) (5) 

RE + 3 HN0 3 RE 3+ + 3 NO" + 3/2 H 2 T (Gas) 

By dissolving the cathode material with the acid in the 
amount described above, 10-90% of the rare earth, elements can 
be removed. When the amount of the acid is less than 0_. l\time 
equivalent, only small amount of the rare earth elements can 
be dissolved, which causes, less removal of carbon at the fusing 
process. Whereas, when the amount of the acid is more than 2.5 
times equivalent, it is problematic that not only rare earth 
elements but also great amount of nickel and cobalt dissolve 

36 




in the acid and could be lost. 



The rare earth elements described here are defined as Mm, 



La, Ce, Nd, etc. 



In the fusing process 403, the separated cathode material 
from which certain amount of the rare earth elements have been 



removed is then dried and subsequently subjected to the fusing 



process . 



The fusing process 403 is taken place at a temperature higher 
than the melting point, and more preferably at the fusing"" 

\~ 

O temperature of from 1, 450 to 1, 600°C under an atmosphere of an 

Q 

%B inactive gas, such as argon, after addition of nickel as a starter 

O - 

ru metal . 

SI 

^ § Carbon can be oxidized and then removed with oxygen 

jjS 

^ contained in the separated cathode material to be fused at the 

w 

M time of fusing the material under an atmosphere of an inactive 
l3 gas. However, oxygen tends to be consumed for oxidizing the rare 

fU 

earth elements in preference to the oxidation of the carbon 
according to the equation (1) described above, and the carbon 
can be oxidized and removed with the remaining oxygen according 
to the equation (2) or (3). 

Consequently, it is more useful to remove the rare earth 
elements, which would obstruct the oxidation of carbon, as much 
as possible for recovering the valent metals containing less 
carbon content. 



In this sense, it is necessary to supply surplus oxygen which 
can cover the oxygen amount to be used for the oxidation of the 
rare earth elements other than that of the carbon in the material 
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C3 



i - 2 
P 

ru 



to be fused . 

By taking such process above, it can be allowable to obtain 
the valent metals with low carbon content in high purity and 
in high yield. 

The recovering system for valent metals from refuse 
secondary batteries according to the present embodiment based 
on the recovering processes as described above is constituted 
by a separating means to mechanically separate the refuse 
secondary batteries and further * separate them into cathode" 
materials and anode materials, a rare earth elements removing 



means to remove the rare earth elements by adding an acid in 

ru 
m 

E 



an amount of 0.1-2.5 times equivalent based on the weight of 
the cathode materials, which amount is required to dissolve the 
rare earth elements, a drying means to dry the separated cathode 
materials from which the rare earth elements have been removed, 
and a fusing means to fuse the dried cathode materials to recover 
the valent metals. 
[Example 3] 

Now, an example preferable for the forth embodiment of the 
present invention is explained below, however, it should be 
noted that the scope of the present embodiment shall not be 
limited to the description in the following. 

"7 

<Reference Example> '' 

The cathode materials in an amount of lOg recovered from 
refuse nickel-hydrogen secondary batteries and nickel in an 
amount of 30g are filled into an aluminum crucible, and the 
materials are kept therein for 2 hours at 1, 500^ under argon 
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gas flow at a rate of 0.5 liter/ mi n. to recover the valent metals. 
<Example 3-l> 

The cathode material recovered from refuse nickel-hydrogen 
secondary batteries is prepared into a suspension kept to a 
slurry concentration of 200g/liter. The suspension is then 
added while taking an hour time with hydrochloric acid in an 
amount of 0.3 time equivalent according . to the rare earth 
elements dissolving reaction represented by the equation (1), 
and the suspension is further kept for an hour while applying-^ 



y air bubbling, filtered and then dried for 6 hours at 70°C. . The 
Jjf dried materials in an amount of lOg to be subjected to the fusing 



ru 

M 
Cn 



Q 
£3 

ry 



process, of which oxygen concentration is 10.3% by weight, and 
nickel in an amount of 30g ..are filled in an aluminum crucible 
and kept therein for 2 hours at 1, 500°C under argon gas flow at 
a rate of 0.5 liter/min. , thereby recovering the valent metals. 
<Example 3-2> 

The cathode material recovered from nickel-hydrogen 
secondary batteries was prepared into suspension kept at a 
slurry concentration of 200g/liter. Based on the dissolving 
reaction for rare earth elements represented by the equation 
(1) described above, the suspension was added with hydrochloric 
acid in an amount of 0.7 time equivalent while taking an hour 
time and kept under air bubbling for an hour, filtered and dried 
for 6 hours at 70°C to obtain the materials to be subjected to 
the fusing process. The materials to be used for the fusing 
process (oxygen concentration: 15.2% by weight) in an amount 
of lOg and nickel in an amount of 30g were filled in an aluminum 
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crucible and kept for 2 hours at 1, 500°C under argon gas flow 
at a flow rate of 0.5 liter/min. to thereby recover the valent 
metals . 
<Example 3-3>. 

The cathode material recovered from nickel-hydrogen 
secondary batteries was prepared into suspension kept at a 
slurry concentration of 200g/liter. Based on the dissolving 
reaction for rare earth elements represented by the equation 
(1) described above, the suspension was added with hydrochloric* 

It 

C3 acid in an amount of 1.5 times equivalent while taking an hour 

C3 

%Q time and kept under air bubbling for an hour, filtered and dried 

g 

iU for 6 hours at 70°C to obtain the materials to be subjected to 

£u the fusing process. The materials to be used for the fusing 

t3 process (oxygen concentration: 16% by weight) in an amount of 

Q lOg and nickel in an amount of 30g were filled in an aluminum 

£ 

W crucible and kept for 2 hours at 1, 500°C under argon gas flow 
at a flow rate of 0.5 liter/min. to thereby recover the valent 
metals . 

The contents and the metal recovery rates of each elements 
contained in the material to be used for the fusing process and 
the recovered metals in the Examples -3-1 through 3-3 and 
Reference Example are shown in Table 7. 

Furthermore, the contents, remaining rates, metal recovery 
rates and total recovery rates of each elements contained in 
the cathode material and the materials to be used for the fusing 
process in the Examples 3-1 through 3-3 are shown in Table 8. 
In the table, % means % by weight. 
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Table 8 





Ni 
% 


Co 

% . 


Ce 
% 


La 

% 


c 

% 


0 
% 


Example 
3-1 


Acid Applied 
Acid 

Equivalent 
0.3 (Relative 
to Rare Earth 
Element) 


Raw Material 100 g 


53.5 


8.3 


13.1 


9.2 


1.2 


4.5 


Product after 
application 94. 6g 


54.1 


7.9 


9.8 


6.8 


1.4 


10.3 


Remaining Rate 


95 .7 


90 . 0 


70 . 8 


69.9 






Fusing Applied 


Metal Recovery Rate 


87 . 3 


76 . 4 






1.3 




Generalized Recovery Rate 


83.5 


♦68 . 8 






1 . 3 




Example 
3-2 


Acid Applied 
Acid 

Equivalent 
0.7 ( Relative 
to Rare Earth 
Element) 


Raw Material 100 g 


53 . 5 


8 . 3 


13 1 


9 . 2 


1 . 2 


4 . 5 


Product after 
Application 80. 3g 


67.2 


7.7 


8.4 


5.7 


1.3 


15.2 


Remaining Rate 


85.9 


74.5 


51.5 


49.8 






Fusing Applied 


Metal Recovery Rate 


96.0 


75.6 






1. 1 




Generalized Recovery Rate 


82.5 


56.3 






1.1 




Examole 
3-3 


Acid Applied 
Acid 

Eouivalent 
1.5 (Relative 
to Rare Earth 
Element) 


Raw Material 100 g 


53.5 


8.3 


13.1 


9.2 


1.2 


4.5 


Product after 
application 62. 5g 


60.4 


7.9 


6.4 


4.3 


1.5 


16 


Remaining Rate 


70.6 


59.5 


30.5 


29.2 






Fusing Applied 


Metal Recovery Rate 


96.0 


93.7 






0.5 




Generalized Recovery Rate 


67.8 


55.8 






0.5 
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From the results shown in Table 7 and Table 8, it is 
understood that valent metals (nickel and cobalt) containing 
carbon at a lower content can be recovered in higher purity and 
in high yield according to the processes described in Examples 
3-1 through 3-3, wherein the cathode material separated from 
the refuse secondary batteries was dissolved with an acid, dried 
and oxidized, and the resulting material was subjected to the 
fusing process, in comparison with the process in Reference 
Example 1 where the cathode material was subjected to the fusing" 

p process. 

p 

%Q As described above, according to the recovering process of 

C3 

fy the present invention, it is allowable to simply recover valent 

ffi metals with low carbon content in high purity and in high yield 

3 

J3 from the refuse secondary batteries. 

?~ 

6 [Fifth Embodiment] 

Fig. 6 is a flow chart for explaining the recovering process 
for. valent metals from refuse secondary batteries according to 
the fifth embodiment of the present invention. 

As shown in Fig. 6, the recovering process according to this 
embodiment is constituted by a "separating process 501 to 
mechanically separate refuse secondary batteries 31 and to 
separate the secondary batteries into the separated cathode 
material 32 and the separated anode material 33, a reduction 
fusing process 502 to add either carbon or plastic 34 into the 
separated cathode material 32 and then subject the added cathode 
material to the reduction fusing process and a decarbonizing 
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process 503 to oxidize and remove carbon contained in the valent 
metals by heating the metal 1(C: 0.5-3%) under an oxidized 
atmosphere following to the reduction fusing process 502 to 
recover the valent metals as recovered metals 35. 

In this embodiment, as objective refuse secondary batteries, 
the ones described in the first embodiment can be used, and the 
mechanical separation of batteries into the anode material and 
the cathode material can be done by publicly- known process or 
the process specified in the first embodiment of the present- 
ly invention. 

In this embodiment, the separated cathode material may 
ry contain an anode material, a refuse anode material and refuse 

SI 

m sintered nickel. 

a 

Q As the reducing agent in the reduction fusing process 502 

q of the present embodiment, it is particularly preferable to use 

rh the one which contains carbon. This is because of that the 

ru 

reducing agent containing carbon is generally cheap and the 
reaction therewith mildly proceeds. Alternatively, hydrogen 
gas can be used as the reducing agent, however, it requires 
special facility to use hydrogen gas, which costs high and is 
not practical. Metal aluminum and metal calcium can be also used, 
however, it is not preferable to use these metals because these 
metals are more expensive than the reducing agent containing 
carbon and proceed the reaction vigorously. 

The carbon content in .the valent metals, which mainly 
contains nickel, obtainable at the reduction of the said 
reducing agent containing carbon is preferably in a range of 
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from 0.01% to 2.8%, more preferably from 0.1% to 2.4%, and further 
preferably from 1% to 2.22%. In case that the carbon content 
in nickel exceeds such range, the melting point thereof tend 
to rise up immediately. For example, the melting point of nickel, 

of which carbon content is 2.22%, is 1,318°C 

In the decarbonizing process 503 described above, carbon 
dissolved in the valent metals is oxidized and removed by 
subjecting the valent metals to the fusing process following 
to the addition of an oxidizing agent, such as oxygen (or air)- 
a.nd nickel oxide (including anode materials). 

The oxygen content in the valent metals obtainable at the 
said fusing process is preferably in a range of from 0.01% to 
1.5%, more preferably from 0.01% to 1.5%, and further preferably 
from 0.1% to 1%. This is because of that the melting point of 
the nickel raises too high when the oxygen content in nickel 
exceeds such range, though carbon content in the nickel can be 
reduced more in parallel to the increase of the oxygen content 
in. the nickel. When the oxygen content exceeds 0.87%, the 
melting point of the nickel rapidly rise up, which is not 
preferable for the recovery. When the oxygen content in nickel 
is 0.87%, the melting point becomes the eutectic point of Ni 
and NiO (Melting point : 1 , 455 P C). 

According to the recovering process of the present 
embodiment, it is possible to obtain Ni-Co recovered metals 
containing carbon at a concentration of less than 200 ppm . 

Addition of CaF 2 may be employed in the decarbonizing process 
503 described above. By the addition of CaF 2 , it is allowable 
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to improve the recovery rate. 

By employing the processes described above, it is allowed 
to recover metals containing no carbon from valent metals 
containing Ni and Co, which is consisted of refuse cathode 
materials, refuse anode materials, refuse sintered nickel and 
mixture thereof, obtainable by mechanical separation of refuse 
secondary batteries. 

The system for carrying out the recovering process according 
to the present embodiment is constituted by a separating means- 
to mechanically separate refuse secondary batteries into a 
separated cathode material and a separated anode material, a 
reduction fusing means to add either carbon or plastic to the 
separated cathode material and then to subject the added cathode 
material to the reduction fusing process and a decarbonizing 
means to heat the cathode mater ial . under an oxidized atmosphere 
either prior or after the reduction and fusing process to oxidize 
and remove carbon contained in the valent metals, thereby 
recovering the valent metals. 

The recovering system for carrying out the recovering 
process for valent metals from refuse secondary batteries 
according to the present embodiment is constituted by a 
separating means to mechanically separate refuse secondary 
batteries into a separated cathode material and a separated 
anode material, a reduction fusing means to add either carbon 
or plastic to the separated cathode material and then to subject 
the added cathode material to the reduction fusing process and 
a decarbonizing means to heat the cathode material under an 
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oxidized atmosphere either prior or after the reduction fusing 
process to oxidize and remove carbon contained in the valent 
metals, thereby recovering the valent metals. 

• Now, the -examples ® to ® to which the fifth embodiment is 
applicable are explained below by referring to the attached 
drawings . 

(D Fig. 7 is a flow chart for explaining an applicable example 

1 for the recovering process for valent metals from refuse 
secondary batteries according .to the present embodiment. — 

p 5 . Here, an explanation on the separating process 501 is 

5 • . 

k g omitted. (The same as follows.) 

£3 

fQ As shown in Fig. 7, the recovering process of this applicable 

VJ 

fn example comprises a reduction fusing process 502 to add either 

5 

q carbon or plastic as a reducing agent 34 other than metal calcium 

Q to the separated cathode material 32, which may contain a refuse 

j3 anode material and refuse sintered nickel, and then to subject 

fO 

the added cathode material to the reduction fusing process, and 
a decarbonizing process 503 to remove doros (oxidized rare earth 
r elements) following to the reduction fusing process 502 and to 
heat carbon-containing metal I under an oxidized atmosphere to 
oxidize and remove carbon contained in valent metals, thereby 
recovering low-carbonized valent metals (Ni-Co)as recovered 
metals 35. The recovered metals 35 are used again as Ni-Co raw 
material for hydrogen-occluded alloy. By reducing and fusing 
the doros again, the recovery rate can be improved. 
(2) Fig. 8 is a flow chart for explaining an applicable example 

2 for the recovering process for valent metals from refuse 

47 



C3 
£3 



ru 



r^3 



secondary batteries according to the present embodiment. 
As shown in Fig. 8, the recovering process of the applicable 
example 2 comprises a decarbonizing process 503 to add an 
oxidizing agent, for example the separated anode material, to 
the separated cathode material 32, which may contain refuse 
anode material and refuse sintered nickel, and then to heat and 
fuse the added cathode material under an oxidized atmosphere 
to oxidize and remove carbon contained in the valent metals, 
a reduction fusing process 502 to -add either carbon or plastic 
a.s a reducing agent to the doros and then to subject the added 
doros to reduction and fusing, and a process to remove the doros 
(oxidized rare earth elements) following to the reduction fusing 
process 502 and then to circulate carbon-containing metal I to 



q the decarbonizing process 503, thereby recovering low- 
carbonized valent metals (Ni-Co) -as recovered metals 35. 
® Fig. 9 is a flow chart for explaining an applicable example 
3 for the recovering process for valent metals from refuse 
secondary batteries according to the present embodiment. 
As shown in Fig. 9, the recovering process of this applicable 
example 3 comprises a reduction fusing process 502 to add either 
carbon or plastic as a reducing agent 34 other than metal calcium 
to the separated cathode material 3 2 which may contain a refuse 
anode material and refuse sintered nickel, and then to subject 
the added cathode material to the reduction fusing process, and 
a decarbonizing process 503 to remove the doros (oxidized rare 
earth elements) following to the reduction fusing process 502 
and to heat carbon-containing metal I under an oxidized 
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atmosphere to oxidize and remove carbon contained in the valent 
metals by adding a separate oxidizing material, and a process 
504 to add metal calcium to a mixture of low-carbonized metal 
and the doros and to subject the mixture to the reduction fusing 
process, thereby recovering low-carbonized valent metals 
(Ni-Co-Mm) ) as recovered metals 35. 

® Fig. 10 is a flow chart for explaining ar> applicable example 
4 for the recovering process for valent metals from refuse 
secondary batteries according .to the present embodiment. 
As shown in Fig. 10, the recovering process of the applicable 
example 4 comprises a decarbonizing process 503 to add an 
oxidizing agent, for example the separated anode material, to 
the separated cathode material 32, which may contain a refuse 
anode material and refuse sintered nickel, and then to heat and 
fuse the added cathode material under an oxidized atmosphere 
to oxidize and remove carbon contained in the valent metals and 
a reduction fusing process 502 to separate the cathode material 
into Ni-Co metal containing low carbon and the doros and then 
to subject the doros to the reduction fusing process following 
to the addition of either Al or H 2 as a reducing agent containing 
no carbon and then to subject the doros to the reduction fusing 
process, thereby recovering low-carbonized valent metals 
(Ni-Co) as recovered metals 35. 
[Example 4] 

Now, a preferable example for the fifth embodiment of the 
present invention is explained, however, it should be noted that 
the scope* of the present invention shall not be limited to the 
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description range in the following example. 
<Reference Example> 

Nickel-hydrogen secondary batteries were scrapped by hand 
work, and the. cathode material obtained (hereinafter called as 
pure cathode material) in an amount of lOg and metal nickel in 
an amount of 30g as a starting metal were filled into an aluminum 

crucible. The crucible was then kept at 1, 500°C for an hour 
under an inactive argon gas flow at a flow rate of 0.5 liter/min. 
to recover the valent metals in an amount of 37. 6g. 
<Example 4-l> 

Nickel-hydrogen secondary batteries were separated into an 
anode material and a cathode material by mechanical separation 



ru 

using liquid nitrogen, and the separated cathode material, which 



contains nickel hydroxide and metal nickel in hydrogen-occluded 

w 

«= alloy, in an amount of lOOg and carbon in an amount of 20g were 

fees? 

?U admixed and then filled into an aluminum crucible. The cathode 
material filled in a crucible was then subjected to fusing 

process at 1,500°C for 2 hours under argon gas flow to obtain 
a' metal (recovered metal I) in an amount of 76. 7g in a clump 
state. 

Then, the obtained metal in an' amount of 50g, the separated 
anode material (nickel hydroxide) in an amount of 20g and calcium 
fluoride in an amount of lOg were filled into an aluminum crucible, 
and the mixture in the crucible was subjected to fusing process 
at 1,500°C for an hour under argon gas flow to obtain a metal 
(recovered metal II) in an amount of 44. 2g in a clump state. 
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<Example 4-2> 

According to the same procedure described in the Example 
4-1 except changing the additional amount of carbon to 7g, a 
metal (recovered metal I) in an amount of 69. 2g was obtained 
in a clump state. 

Then, the obtained metal in an amount of 30g, the separated 
anode material (nickel hydroxide) in an amou-nt of 3g and calcium 
fluoride in an amount of 5g were filled into an aluminum crucible, 
and the crucible was subjected to -fusing process at 1, 500°C for" 

M- 

(3 ah hour under argon gas flow to obtain a metal (recovered metal 
C3 * 

II) in an amount of 44. 2g in. a clump state. 

G3 

fU <Example 4-3> 

""4 

CH According to the same .procedure described in the Example 

s 

13 4-1 except changing the additional amount of carbon to lOg, the 

Ly 

£3 separated cathode material was filled into an aluminum crucible 
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and then subjected to fusing process at 1, 400°C for 2 hours under 
argon gas flow to obtain a metal (recovered metal I) in an amount 
of .61. 3g in a clump state. 

Then, the obtained metal in an amount of 30g, the separated 
anode material (nickel hydroxide) in an amount of 6g and calcium 
fluoride in an amount of 5g were filled into an aluminum crucible, 
and the filled crucible was subjected to fusing process at 
1,400°C for an hour under argon gas flow to obtain a metal 
(recovered metal II) in an amount of 37. 4g in a clump state. 
<Example 4-4> 

According to the same procedure described in the Example 
4-1 except changing the additional amount of carbon to 15g, the 
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separated cathode material was filled into an aluminum crucible 
and then subjected to fusing process at 1, 400°C for 2 hours under 
argon gas flow to obtain a metal (recovered metal I) in an amount 
of 71. 8g in a clump state. 

Then, the obtained metal in an amount of 30g, the separated 
anode material (nickel hydroxide) in an amount of 9g and calcium 
fluoride in an amount of 5g were filled into an aluminum crucible, 
and the filled crucible was subjected to fusing process at 
1,400°C for an hour under argon " gas flow to obtain .a metal 

Q (recovered metal II) in an amount of 27.08g in a clump state. 

Q 

:z < Example 4 - 5 > 

[ u 9 According to the same procedure described in the Example 

u= 

E 

Q 
W 
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4-1 except changing the additional amount of carbon to lOg, a 
metal (recovered metal I) in an amount of 63. 9g was obtained 
in a clump state. 

Then, the obtained metal in an amount of 30g, the separated 
anode material (nickel hydroxide) in an amount of 6g and calcium 
fluoride in an amount of 5g were filled into an aluminum crucible, 
and the filled crucible was subjected to fusing process at 
1,500°C for an hour under argon gas flow to obtain a metal 
(recovered metal II) in an. amount of 37 . 4g in a clump state. 
< Example 4-6> - 

" } 

Nickel-hydrogen secondary batteries were separated into an 
anode material and a cathode material by mechanical separation 
using liquid nitrogen, and the separated cathode material, which 
contains nickel hydroxide and metal nickel in hydrogen-occluded 
alloy, in an amount of lOOg, the separated anode material (nickel 
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hydroxide) in an amount of 20g, which contains hydrogen-occluded 
alloy and metal nickel, and calcium fluoride in an amount of 
lOg were admixed and filled into an aluminum crucible. The 
filled" crucible was then subjected to fusing process at 1, 500°C 
for an hour under argon gas flow to obtain a metal (recovered 
metal I) in an amount of 16. Iq in a clump state and doros in 
an amount of 39. 5g. 

Then, the obtained doros in an amount of 30g, metal calcium 
in an amount of 7g and calcium fluoride in an amount of 3g were- 



;S filled into an aluminum crucible, and the filled crucible was 
}% subjected to fusing process at 1, 300°C for 0.5 hour under argon 
gas flow to obtain a metal (recovered metal II) in an amount 
of 16. 4g in a clump state.. 

The results obtained in Examples 4-1 through 4-6 are shown 
in Tables 9 through 11. 

As shown in these tables, it is allowable according to these 
examples to obtain Ni-Co recovered metal containing low carbon. 
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Industrial Use 

According to the present invention, it is possible to 
provide a safe, simple to use and economically-advantageous 
recovering process and recovering system for valent metals with 
low carbon content in high purity and in high yield from refuse 
secondary batteries . 
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